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There has been great interest in comparative cognitive science in a suite of behaviors
that have come to be subsumed under
the term “self-control.” Historically in
comparative psychology self-control was
defined behaviorally as the choice of a
larger or better but more delayed reinforcer over a smaller or less preferred but
less delayed reinforcer (Rachlin and Green,
1972; Ainslie, 1974; Grosch and Neuringer,
1981; Logue, 1988). More recently, however, self-control has been discussed more
in terms of being a capacity or ability
rather than a behavioral pattern, even to
the extent of some researchers suggesting that self-control may be a limited
capacity resource that can be depleted,
strengthened, or improved with practice
(e.g., Baumeister et al., 2007). A terminological morass has emerged in this area,
with varying definitions of this term, as
well as other perhaps related terms such as
patience, willpower, delay of gratification,
and intertemporal choice. The goal here
is not to untangle that mess of terminology, but to comment on two recent papers
in comparative psychology that attempted
to provide insights into the “evolution of
self-control,” with varying degrees of success. I also will provide the beginnings of a
framework for a terminology for assessing
these behavioral forms of self-regulation
and inhibition.
In one new paper, Stevens (2014) discussed the role that ecologically valid
tests play in understanding the evolution of self-control (also Stevens et al.,
2005a,b). These tests are excellent ways
of looking at how animals value time,
distance, and outcome options, and they
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remind us that ultimately the behavior
we see in laboratory tests should relate
to the pressures a given species might
face in the natural environment. Stevens
(2014) also addressed three competing
hypotheses that might predict basic waiting times in an intertemporal choice task
in which there is a choice between a
smaller, sooner reward and a larger, later
reward. Presumably, waiting longer is evidence of self-control because one obtains
more reward, but at the cost of tolerating
the delay. The body size hypothesis predicts
that larger species should wait longer than
smaller species because of allometric relationships that describe how morphological, physiological and behavioral measures
scale with body size (Schmidt-Nielsen,
1984). According to this hypothesis (sometimes also called the metabolic hypothesis; Tobin and Logue, 1994), smaller
animals have faster metabolic rates, and
thus should tend to choose shorter delay
periods to any food relative to animals
with larger bodies (see Speakman, 2005).
Lifespan also scales with body size, and
thus longer living animals should have
longer waiting times than shorter living
animals according to this hypothesis. The
cognitive ability hypothesis predicts that
longer wait times would relate to generally
higher levels of cognition across species.
This hypothesis directly links to the emerging findings in human psychology that
good delay of gratification and high selfcontrol are predictive of more positive
life outcome measures (e.g., higher education achievements) that also relate to
general intelligence (e.g., Duckworth and
Seligman, 2005; Shamosh et al., 2008). As a

proxy for general cognitive abilities across
primate species, Stevens (2014) used relative and absolute brain size, measures
that have shown clear relations with other
aspects of primate cognition (e.g., Gibson
et al., 2001; Deaner et al., 2007). Finally,
the social brain hypothesis predicts that
species that live in more complex groups
of many individuals should wait longer
than those that live in less complex groups.
This is because these individuals need to
more often employ inhibitory strategies as
they monitor and engage in social events
occurring around them such as tracking
the fission and fusion events within the
group (Dunbar, 2009), and some previous
research seems to support this hypothesis
(Amici et al., 2008).
To assess these hypotheses in terms
of their ability to predict intertemporal
choices, Stevens (2014) calculated mean
values for indifference points between
smaller-sooner (SS) and larger-later (LL)
rewards as the measure of self-control.
He also used data for each species for
body mass, measures of brain volume,
home range size, lifespan, and group size.
What he found was that the allometric variables predicted the ability to wait
for delayed rewards across 13 species of
primates. Specifically, he found that a
composite allometric factor that included
body mass, absolute brain size, lifespan
and home range size predicted waiting
times. Relative brain size and social group
size did not, and thus he concluded that
certain selective pressures have acted to
shape intertemporal choices made by animals. He noted that one limitation of
his study involved the methods used to
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measure intertemporal choice. Although
those methods were fairly consistently
applied across the studies he analyzed,
these intertemporal choice tasks may not
specifically have assessed self-control vs.
other decision mechanisms.
Using a different approach, MacLean
et al. (2014) assessed 567 animals representing 36 species on two tasks. In the Anot-B task, subjects first learned that food
was always in one location from a choice
array, but then it was moved in the last trial
while the animal watched the item move.
If animals searched in the usual location
instead of switching to the new location
this was considered an error, and it suggested that the animals could not control
their response to the old location in order
to reach toward the new one. In the cylinder task, subjects first found a piece of
food hidden inside an opaque cylinder and
had to reach around the side to retrieve
it. Then, a transparent cylinder was shown
instead of the opaque cylinder. Subjects
still had to reach around the cylinder to
grab the food rather than reaching for the
food as they saw it through the transparent
cylinder. Direct reaches that were blocked
by the cylinder were considered errors.
Absolute brain volume best predicted performances of these species in successfully
obtaining the rewards. Social group size
was not a strong predictor of species differences. MacLean et al. (2014) suggested
that these results implicated evolutionary relationships between dietary breadth,
absolute brain volume, and self-control.
Although I applaud the effort to provide such a comprehensive comparative
database, this conclusion does not provide
insights to the evolution of self-control.
Rather, MacLean et al. (2014) assessed one
form of behavioral inhibition (a construct
which itself can be viewed as multifaceted),
and not self-control, at least as it is traditionally defined, and as I suggest it should
be defined.
I do not have space here for an exhaustive framework to incorporate the behavioral data that are being generated and
discussed in papers such as MacLean et al.
(2014) and Stevens (2014). Instead, I want
to focus on generating a framework for
what should (and what should not) be
called self-control. I define self-control
as the ability or capacity to obtain an
objectively more valuable outcome rather
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than an objectively less valuable outcome
though tolerating a longer delay or a
greater effort requirement in obtaining
that more valuable outcome. A self-control
task has three essential features. First,
there must be at least two known options
available, and each must be available to
the subject through differential responses.
Second, those options each must be valuable to some extent but must be differentially preferred by the subject, if all
else is the same. Third, there must be a
cost (generally in terms of time delay, but
also perhaps in terms of effort exerted)
for obtaining the more preferred outcome. Self-control tasks are thus tasks that
require decisions, not just inhibition of
prepotent responses.
By this definition, self-control and
behavioral inhibition are not synonymous.
Rather, self-control such as that assessed
in inter-temporal choice tasks or delay
of gratification tasks is but one form of
behavioral inhibition, although I would
argue it is one of the most advanced and
most challenging forms for many species
and many individuals within a species.
The critical point is that a task requiring
behavioral inhibition does not necessarily
require self-control, and that this error in
our use of terminology has had distracting
effects on what we can say about selfcontrol and its evolutionary emergence in
nonhuman animals and humans. And, as
pointed out by one of the reviewers of this
article, some circumstances that require
increased activity rather than inhibition to
obtain the better outcome require selfcontrol (for example, choosing to work
longer for more pay rather than leaving
work early).
Self-control also is not synonymous
with delay of gratification. Delaying gratification is what one does in a subset of instances in which self-control is
employed. Delayed gratification tasks such
as the Marshmallow test (e.g., Mischel
and Ebbesen, 1970) are self-control tasks
because any task that requires a subject to
do nothing but wait, toward the goal of
getting a bigger or better outcome, meets
the three features outlined above. There
is the available reward (e.g., one marshmallow now) and the later reward for
which one must wait (e.g., two marshmallows later). If there was no waiting period, the second option would be

preferred in general because it is bigger or better (e.g., 2 vs. 1 marshmallow). And, there is a time cost imposed
for obtaining that larger or better reward.
Intertemporal choice tasks such as those
in the Stevens (2014) paper also are selfcontrol tasks, although one must be careful
about how to interpret some intertemporal choice tasks that make use of pointing responses toward food rewards. Those
testing approaches may lead to overestimates of self-control, as recently demonstrated in capuchin monkeys using the
Hybrid Delay task (Paglieri et al., 2013).
In that task, subjects first chose between
an SS option and an LL option. If they
chose the LL option, they had to wait for
items to accumulate, one by one, within
reach, and the accumulation ended when
any items were eaten. This task assessed
objective errors in which the LL option
was selected but the accumulation was
terminated before enough items were collected to match what the SS option had
offered. Capuchin monkeys made many
such errors although chimpanzees showed
better self-control by often choosing the
LL option but also waiting for it to accumulate fully (Beran et al., 2014). Other
tasks that meet the criteria for assessing
self-control include delayed exchange tasks
(e.g., Dufour et al., 2007; Pele et al., 2010),
accumulation tasks (Beran, 2002; Beran
and Evans, 2006), some token collection or
exchange tasks (Jackson and Hackenberg,
1996; Hackenberg and Vaidya, 2003; Judge
and Essler, 2013), and similar approaches
(e.g., Evans and Westergaard, 2006; Evans,
2007; Bramlett et al., 2012).
Critically, one must then recognize
what are not self-control tasks. A-not-B
tasks, inhibitory motor tasks, flanker tasks,
Stroop tasks, Go No-Go tasks, and others of this general form do not fall under
the umbrella of self-control assessment.
They can be tasks that require degrees of
behavioral inhibition, and thus are highly
relevant to understanding aspects of cognitive control and self-regulation. But, not
all forms of behavioral inhibition rely on
self-control. For example, Maclean et al.’s
(2014) cylinder task requires inhibiting
reaching directly toward the food, but
there is no second option for getting
less food more quickly, and no decision between two temporal durations (or
effort levels) and two outcomes, one of
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which might be better now, but the other
of which is better in the long term.
Thus, MacLean et al. (2014), despite their
title, instead have assessed the evolution
of certain forms of behavioral inhibition
and motoric self-regulation in animals–
not self-control. One should applaud the
impressive efforts to provide a truly comparative approach to studying different
forms of behavioral inhibition. But Stevens
(2014) has provided clearer information
on the evolution of self-control, and a
stronger road map for future research on
this issue.
Much work remains to be done to
understand self-control capacities in nonhuman species. For example, there are
concerns about exactly what different tasks
involving intertemporal choice measure
not only for nonhuman animals (e.g.,
Addessi et al., 2013) but also for humans
(Duckworth and Kern, 2011). And, as
Stevens (2014) noted, we need more crossspecies assessments using some of the
other methods that are designed to measure self-control such as delay of gratification tasks (e.g., Grosch and Neuringer,
1981; Beran et al., 1999), delayed exchange
tasks (e.g., Dufour et al., 2007; Pele et al.,
2010; Judge and Essler, 2013), accumulation tasks (Beran, 2002; Evans and Beran,
2007; Vick et al., 2010; Parrish et al.,
2014), and other variations on these methods. With those data, one could compare the resulting correlations between
performance and allometric factors to
see if they match what Stevens found
for the intertemporal choice task. This
approach would provide a strong assessment of the evolution of self-control as
it relates to the suite of tasks and circumstances in which self-control abilities
would be necessary for maximizing outcomes. Hopefully, future discussions of the
behaviors (and underlying capacities and
mechanisms) of animals in situations that
require different forms of inhibition will
carefully consider what the appropriate
level of interpretation should be, otherwise we run the risk of reducing all forms
of inhibition to being the same as selfcontrol.

ACKNOWLEDGMENTS
The author thanks Bonnie Perdue, Audrey
Parrish, and the editor and reviewers for
their comments on this paper. Writing of

www.frontiersin.org

The comparative science of “self-control”: what are we talking about?

this article was supported by NICHD grant
HD060563.

REFERENCES
Addessi, E., Paglieri, F., Beran, M., Evans, T.,
Macchitella, L., De Petrillo, F., et al. (2013).
Delay choice vs. delay maintenance: different measures of delayed gratification in capuchin monkeys
(Cebus apella). J. Comp. Psychol. 127, 392–398. doi:
10.1037/a0031869
Ainslie, G. W. (1974). Impulse control in
pigeons. J. Exp. Anal. Behav. 21, 485–489.
doi: 10.1901/jeab.1974.21-485
Amici, F., Aureli, F., and Call, J. (2008). Fission–fusion
dynamics, behavioral flexibility, and inhibitory
control in primates. Curr. Biol. 18, 1415–1419. doi:
10.1016/j.cub.2008.08.020
Baumeister, R. F., Vohs, K. D., and Tice, D. M.
(2007). The strength model of self-control. Curr.
Dir. Psychol. Sci. 16, 351–355. doi: 10.1111/j.14678721.2007.00534.x
Beran, M. J. (2002). Maintenance of self-imposed
delay of gratification by four chimpanzees
(Pan troglodytes) and an orangutan (Pongo
pygmaeus). J. Gen. Psychol. 129, 49–66. doi:
10.1080/00221300209602032
Beran, M. J., and Evans, T. A. (2006). Maintenance
of delay of gratification by four chimpanzees
(Pan troglodytes): the effects of delayed
reward visibility, experimenter presence, and
extended delay intervals. Behav. Processes
73,
315–324.
doi:
10.1016/j.beproc.2006.
07.005
Beran, M. J., Evans, T. A., Paglieri, F., McIntyre,
J. M., Addessi, E., and Hopkins, W. D. (2014).
Chimpanzees (Pan troglodytes) can wait, when they
choose to: a study with the hybrid delay task. Anim.
Cogn. 17, 197–205. doi: 10.1007/s10071-0130652-9
Beran, M. J., Savage-Rumbaugh, E. S., Pate, J. L., and
Rumbaugh, D. M. (1999). Delay of gratification in
chimpanzees (Pan troglodytes). Dev. Psychobiol. 34,
119–127.
Bramlett, J. L., Perdue, B. M., Evans, T. A., and Beran,
M. J. (2012). Capuchin monkeys (Cebus apella) let
lesser rewards pass them by to get better rewards.
Anim. Cogn. 15, 963–969. doi: 10.1007/s10071012-0522-x
Deaner, R. O., Isler, K., Burkart, J., and van Schaik, C.
(2007). Overall brain size, and not encephalization
quotient, best predicts cognitive ability across nonhuman primates. Brain Behav. Evol. 70, 115–124.
doi: 10.1159/000102973
Duckworth, A. L., and Kern, M. L. (2011). A
meta-analysis of the convergent validity of selfcontrol measures. J. Res. Pers. 45, 259–268. doi:
10.1016/j.jrp.2011.02.004
Duckworth, A. L., and Seligman, M. E. P. (2005).
Self-discipline outdoes IQ in predicting academic performance of adolescents. Psychol. Sci.
16, 939–944. doi: 10.1111/j.1467-9280.2005.
01641.x
Dufour, V., Pele, M., Sterck, E. H. M., and Thierry,
B. (2007). Chimpanzee (Pan troglodytes)
anticipation of food return: coping with
waiting time in an exchange task. J. Comp.
Psychol. 121, 145–155. doi: 10.1037/0735-7036.
121.2.145

Dunbar, R. I. M. (2009). The social brain
hypothesis and its implications for social
evolution. Ann. Hum. Biol. 36, 562–572. doi:
10.1080/03014460902960289
Evans, T. A. (2007). Performance in a computerized self-control task by rhesus macaques (Macaca
mulatta): the combined influence of effort and
delay. Learn. Motiv. 38, 342–357. doi: 10.1016/j.
lmot.2007.02.001
Evans, T. A., and Beran, M. J. (2007). Chimpanzees
use self-distraction to cope with impulsivity. Biol. Lett. 3, 599–602. doi: 10.1098/rsbl.
2007.0399
Evans, T. A., and Westergaard, G. C. (2006). Selfcontrol and tool use in tufted capuchin monkeys
(Cebus apella). J. Comp. Psychol. 120, 163–166. doi:
10.1037/0735-7036.120.2.163
Gibson, K. R., Rumbaugh, D. M., and Beran, M. J.
(2001). “Bigger is better: primate brain size in relationship to cognition” in Evolutionary Anatomy
of the Primate Cerebral Cortex, eds D. Falk
and K. R. Gibson (Cambridge, UK: Cambridge
University Press), 79–97. doi: 10.1017/CBO978
0511897085.007
Grosch, J., and Neuringer, A. (1981). Self-control in
pigeons under the Mischel paradigm. J. Exp. Anal.
Behav. 35, 3–21. doi: 10.1901/jeab.1981.35-3
Hackenberg, T. D., and Vaidya, M. (2003).
Determinants of pigeons’ choices in tokenbased self-control procedures. J. Exp. Anal. Behav.
79, 207–218. doi: 10.1901/jeab.2003.79-207
Jackson, K., and Hackenberg, T. D. (1996). Token,
reinforcement, choice, and self-control in pigeons.
J. Exp. Anal. Behav. 66, 29–49. doi: 10.1901/jeab.
1996.66-29
Judge, P. G., and Essler, J. (2013). Capuchin monkeys
exercise self-control by choosing token exchange
over an immediate reward. Int. J. Comp. Psychol.
26, 256–266.
Logue, A. W. (1988). Research on self-control: an integrating framework. Behav. Brain Sci. 11, 665–679.
doi: 10.1017/S0140525X00053978
MacLean, E. L., Hare, B., Nunn, C. L., Addessi, E.,
Amici, F., Anderson, R. C., et al. (2014). The evolution of self-control. Proc. Natl. Acad. Sci. U.S.A.
111, E2140–E2148. doi: 10.1073/pnas.1323533111
Mischel, W., and Ebbesen, E. B. (1970). Attention
in delay of gratification. J. Pers. Soc. Psychol. 16,
329–337. doi: 10.1037/h0029815
Paglieri, F., Focaroli, V., Bramlett, J., Tierno, V.,
McIntyre, J., Addessi, E., et al. (2013). The hybrid
delay task: an improved measure of self-control in
intertemporal choice. Behav. Processes 94, 45–54.
doi: 10.1016/j.beproc.2012.12.002
Parrish, A. E., Perdue, B. M., Stromberg, E. E., Bania,
A. E., Evans, T. A., and Beran, M. J. (2014). Delay
of gratification by orangutans (Pongo pygmaeus)
in the accumulation task. J. Comp. Psychol. 128,
209–214. doi: 10.1037/a0035660
Pele, M., Dufour, V., Micheletta, J., and Thierry, B.
(2010). Long-tailed macaques display unexpected
waiting abilities in exchange tasks. Anim. Cogn. 13,
263–271. doi: 10.1007/s10071-009-0264-6
Rachlin, H., and Green, L. (1972). Commitment,
choice and self-control. J. Exp. Anal. Behav. 17,
15–22. doi: 10.1901/jeab.1972.17-15
Schmidt-Nielsen, K. (1984). Scaling: Why is Animal
Size So Important? New York, NY: Cambridge
University Press.

January 2015 | Volume 6 | Article 51 | 3

Beran

Shamosh, N. A., DeYoung, C. G., Green, A. E., Reis, D.
L., Johnson, M. R., Conway, A. R. A., et al. (2008).
Individual differences in delay discounting: relation to intelligence, working memory, and anterior
prefrontal cortex. Psychol. Sci. 19, 904–911. doi:
10.1111/j.1467-9280.2008.02175.x
Speakman, J. R. (2005). Body size, energy metabolism
and lifespan. J. Exp. Biol. 208, 1717–1730. doi:
10.1242/jeb.01556
Stevens, J. R. (2014). Evolutionary pressures on
primate intertemporal choice. Proc. Biol. Sci.
281:20140499. doi: 10.1098/rspb.2014.0499
Stevens, J. R., Hallinan, E. V., and Hauser, M. D.
(2005a). The ecology and evolution of patience in
two New World monkeys. Biol. Lett. 1, 223–226.
doi: 10.1098/rsbl.2004.0285

Frontiers in Psychology | Comparative Psychology

The comparative science of “self-control”: what are we talking about?

Stevens, J. R., Rosati, A. G., Ross, K. R., and Hauser,
M. D. (2005b). Will travel for food: Spatial discounting in two New World monkeys. Curr. Biol.
15, 1855–1860. doi: 10.1016/j.cub.2005.09.016
Tobin, H., and Logue, A. W. (1994). Self-control
across species. J. Comp. Psychol. 108, 126–133. doi:
10.1037/0735-7036.108.2.126
Vick, S. J., Bovet, D., and Anderson, J. R. (2010). How
do African grey parrots (Psittacus erithacus) perform on a delay of gratification task? Anim. Cogn.
13, 351–358. doi: 10.1007/s10071-009-0284-2
Conflict of Interest Statement: The author declares
that the research was conducted in the absence of any
commercial or financial relationships that could be
construed as a potential conflict of interest.

Received: 01 December 2014; accepted: 11 January 2015;
published online: 30 January 2015.
Citation: Beran MJ (2015) The comparative science
of “self-control”: what are we talking about? Front.
Psychol. 6:51. doi: 10.3389/fpsyg.2015.00051
This article was submitted to Comparative Psychology, a
section of the journal Frontiers in Psychology.
Copyright © 2015 Beran. This is an open-access article
distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

January 2015 | Volume 6 | Article 51 | 4

